Abstract
Introduction 42
The Tibet Plateau (TP) and Himalayas is a vast and elevated highland in Central Asia that extends over the 43 area of 27˗45°N, 70˗105°E with a mean elevation of more than 4000 m above sea level (a.s.l.). It is a 44 sparsely populated area with minimal local pollution. The TP is an ideal area for observations of free
HR-AMS

146
HR-AMS was used to measure non-refractory PM 1 (NR-PM 1 ) which was thermal vaporized at ~600 °C,
147
ionized with a 70eV electron impact and measured using a time of flight mass spectrometry. The details on 148 the instrument have been described elsewhere (DeCarlo et al., 2006) . For this study, HR-AMS was only 149 setup with V-mode with 5 min resolution due to the low aerosol loading. Due to damage of chopper, the 150 size distribution of NR-PM 1 was not determined. The HR-AMS was calibrated for ionization efficiency (IE) 151 with the ammonium nitrate following standard procedures (Jayne et al., 2000) at the beginning, in the 152 middle and end of the study. Particulate-free air was sampled two times during the study to adjust the 153 interaction of air on the fragmentation table and the detection limitation (DLs) of species. The DLs were 154 calculated as 3 times the standard deviations (3σ) of the measured values during this period. The 2.5-min
155
DLs for organic, sulfate, nitrate, ammonium, and chloride were determined at 0.108, 0.014, 0.007, 0.002, 156 0.010, which are comparable to the values reported in previous studies.
158
Other instruments
159
The Aethalometer was used to measure the equivalent black carbon mass concentration using seven 160 wavelength lights. The data for BC is commonly calculated from measurement at 880 nm using 161 recommended MAC from factory. The instrument was operated at the time resolution of 5 min with a flow 162 rate of 5 L/min, which was calibrated at a week frequency. 
Data processing 170
The HR-ToF-AMS data were processed using the standard software of SQUIRREL (v1.56) and PIKA the PMF Evaluation Toolkit (PET) (Ulbrich et al., 2009 ). The PMF solution was evaluated following the 183 procedures outlined in Table 1 of (Zhang et al., 2011) including modification of the error matrix and 184 downweight of low S/N ions. Moreover, based on the AMS fragmentation table, some organic ions were 185 not directly measured but scaled to the organic signal at m/z 44, which were downweighted by increasing 186 their errors by a factor of 3. A two-factor solution with fPeak = 0 was chosen in this study, as it is able to 187 reconstruct the total OA mass and temporal profiles very well. The results of three-factor solution with 188 fPeak = 0 are shown in supplementary material ( Figure S1 ), which show splitting in the solutions. ) (Schmale et al., 2013) 
219
of these studies could basically represent the level of pollution at these sits due to their relatively long 220 sampling spans (from one month to ten months). The contribution of OA at these high-elevation sites
221
ranged from 50% -90%; the highest value was at Mt. Bachelor which was frequently influenced by 222 transported biomass burning plume, while the relative low OA contribution (38%) at sub-Antarctic was due
223
to the dominant source from marine emission containing higher sulfate. The mass concentration of PM 1 224 varied dynamically during the study with distinct difference between pre-monsoon and monsoon periods.
225
The average mass concentrations of PM 1 for these two periods were 2.6 and 1.2 µg m -3
, respectively. For
226
comparison, the chemical species for these two periods were side-by-side displayed in Figure 4a . The ratios
227
between pre-monsoon and monsoon for all the species were higher than 1 with the maxima for ammonium
228
(3.1) and sulfate (2.8), suggesting high efficiency of wet scavenging for ammonium sulfate during monsoon.
229
The contribution of OA was thus slightly higher during the monsoon period than during the pre-monsoon
230
(71% vs. 64%).
232
Based on the mass concentration and temporal variations of PM 1 species and weather conditions, the pre-233 monsoon period could be further divided into two, i.e., period 1 (P1: May 30 to June 7) and period 2 (P2:
234
June 8 to June 13). The P1 was characterized by higher sulfate concentration (0.46 vs. 0.41 µg m -3 ) and 235 sunny days, while P2 was characterized by higher PM 1 concentration (2.9 vs. 2.1 µg m -3 ), higher nitrate 236 contribution, and wet and cold days ( Figure S4 ). The air masses for P2 had higher contribution from west
237
and north than those during P1 (Figure 3 ). Figure 4b shows the comparisons of mass concentration of 238 different species between these two periods. For chemical species, from P1 to P2, nitrate and OA increased 239 dramatically by a factor of 1.6 and 2.2, respectively, and BC and ammonium were also increased,
240
suggesting the influence of transported polluted air mass. However, sulfate and chloride decreased slightly
241
(the ratios between P1 and P2 were ~0.95). The variations of sulfate and nitrate during these two periods
242
could be related to the photochemical conditions and origination of air mass (see section 3.3).
244
The particles were generally chemical neutralized as illustrated from the scatter plot between predicted and 245 measured ammonium (slope = 0.91) ( Figure S5a ). 
263
increased air masses from south during nighttime and from west during afternoon ( Figure S6 ), which could 264 be related to the plateau monsoon during summer (Tang and Reiter, 1984 
271
a peak for most of species, which were corresponding with the lowest air temperature and the highest RH,
272
then lower PBL which could concentrate all the polluted air in a smaller space (Yanai and Li, 1994) .
274
Although the diurnal patterns for each species were similar during the three periods, the relationships of showed all periods during the high nitrate period of the study and the corresponding meteorological 296 conditions. It is easy to find that most of the high loading periods occurred during the nighttime. The wind 297 speed and wind direction were varied dynamically and most of them were from southwest. Higher wind
298
speed from this wind direction could transport more polluted air mass to Nam Co as illustrated from the 299 event 1 (E1) during which all the species (OA, sulfate, ammonium, and BC) except nitrate increased; the 300 weather during this type event was accompanied with warm and dry air conditions. While when the wind 301 direction was from southwest with lower wind speed (E2), the RH increased to higher than 90% The average mass spectrum of OA was shown in Figure 8a . The organic mass was on average composed of 310 51% oxygen, 44% carbon, and 5% hydrogen with an average nominal formula being C 1 H 
347
= 0.96). Both factors appeared to be secondary in nature. Our inability to separate an HOA factor is 348 consistent with the fact that C 4 H 9 + was a minor peak in the OA spectra (0.6% of the total signal) and the 349 average organic-equivalent concentration of C 4 H 9 + was only 0.008 μg m -3 during this study (Figure 5a ).
350
Collier et al. (2015) 
357
The mass spectra of MO-OOA and LO-OOA were characterized by high peaks at m/z 44 (mostly CO 2 + )
358
and LO-OOA had a large peak at m/z 43 (mostly C 2 H 3 O + ) as well ( Figure 10a ). Figure S7 ). In addition, 
389
suggest that OA, if ever partly originated from biomass burning emission, could have been highly oxidized 390 during transport. This behavior had been observed in a few studies that levoglucosan could be quickly
391
(within a few hours) oxidized after being emitted (Ortega et al., 2013) . In addition, Zhou et al. (2017) 392 recently reported the observation of a highly aged BBOA factor with f60 < 0.3% in its mass spectrum, in 393 aged wildfire plumes that had gone through extensive photochemical oxidation. 
412
HYSPLIT results (Figure 5b ) and the simulated concentrations of reactive aromatics were sharply 413 decreased ( Figure S9 ). After that, a weak low-pressure trough system was observed again. The increased
414
concentrations of reactive aromatics were also observed accompanying with intensified southern wind.
415
These trends were basically consistent with that AMS results. The potential reason for this difference was 416 that the weak trough during P2 intensified the wind from west other than south where a lot of biomass 417 burning emission sources were located (Figure 5b ). Meanwhile the interaction between cold-dry air mass 418 from north and warm-wet air mass from south increased the RH at Nam Co which was very favorable for 419 aqueous formation. Zhang et al., (2017) suggested that a low-cut system from stratosphere could be an 420 important driver for pollution transport into the Tibet Plateau. However, this effect tends to be weaker in 421 summer than in the other seasons because the tropopause is higher and stratospheric wave activity is 422 weaker in summer. In our study, the trough/ridge system could be an important factor affecting on the 
435
and ammonium peaking during afternoon due to photochemical production of these species coupled with 436 transport of polluted air mass. Nitrate, however, peaked during the nighttime and early morning, which was 437 related to the higher RH condition. The formation of nitrate was highly correlated with transport of air masses from southwest under very low wind speeds, while the mass concentrations of sulfate, OA, and BC
439
were highly correlated with air masses from northwest and southeast under higher wind speed conditions.
440
OA was overall highly oxidized during the entire study with higher O/C ratios during the pre-monsoon 441 period. Based on PMF analysis, the OA was found to be composed of a LO-OOA and a MO-OOA. LO-
442
OOA was mainly associated with air masses originated from south, while MO-OOA was mainly from 
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